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TECHNICAL MEhlORANDUM 78170 
AN ANALYSIS OF M A X I M U M  HORIZONTAL WIND SPEEDS AND 
ASSOCIATED PARAMETERS RECORDED AT NASA's 
150-METER GROUND WINDS TOWER FACILITY 
AT KENNEDY SPACE CENTER, FLORIDA 
INTRODUCTION 
There are diverse requirements for information describing wind condi- 
tions in the lowest 150 meters of the ntmosphere, Particular needs are related 
to determining whether horizontal gusts have more significant effect on landing 
an aircraft than vertical gusts - although both have noticeable effects separately 
and in combination [I]. It should bc noted, however, that the opposite conclusion 
is also held (11. In either case, the behavior of the wind in the last 30 meters of 
descent, particularly between 30 and 15 meters during which some aircraft travel 
approximately 300 meters in 4 to 5 seconds, is most important to a descending 
afreraft [ 2 ] .  A study providing daily nradmunr vertical gustc ( i. e., updraft 
and downdraft) has been published by the Atmospheric Sciences Division [3]. 
Detailed horizontal kind s p e d  maxima 3 4  nssoci:~ted parameters presented in 
this report mny be useful in problems concerning ground wind environment at 
the Kennedy Space Center (KsC) o r  a r m s  with sitr~ilar terrain and conditions. 
DATA 
Data for these eummaries are from the Nationnl Aeronautics and Space 
Administration's (NASA) l ~ b h l e t c r  Ground Winds Tower Facility (Figure 1) 
locnted on hIerritt Island, Florida, approdmately midway between h u n c h  
Complex 3913 and the Space Shuttlc runway. Placen~ent of the metcorologlcal 
sensors on the tower is shown in Figure 2, and n dctni1c.d description of the 
facility is given in Reference 4. The Automatic Data Acquisition Systenl 
samples at u rnte of 10 san~plcs per second, digitally records, and red-time 
processes dutn from the sensors [ 5). Six  llkxninutc computational sequences 
of means, extreti~es, standard deviations, ctc., are performed each hour and 
listed by thc system tclcprintcr. hIorc than 50,000 samples of horizontal wind 
speed maxima for each of four levels ( 10, 18, 60, and 150 meters) were 
examined for this study, representing 95 percent of the possible data for a year 
(January 1973, February through October 1975, November 1974, and Decembe 
1972). Specifically, the daily maximum horizontal wind speed and associated 
parameters for  a year at four leyels were determined a d  tsbulated according 
to day, month, and season. Tabulations of the daily maxlmurn horizontal wind 
speed, five associated parameters: mean wind speed, vertical gusts (updraft and 
downdraft), directions (mean and instantaneous), and time of occurrence at the 
10-meter level a re  given with extremes, means, and standard deviations in 
Tables 1 through 7. Associated is defined to be recorded in  the 10-minute 
period of occurrence of the daily maximum horizontal wind speed. Similar 
tabulations for the 18-, 60-, and 150-meter levels are  presented in Tables 8 
through 28. A11 18-meter level tabulations are measurements from the large 
b w e r  sensor 
ANALYSES AND COM PAR I SONS 
Analyses and comparisons derived from the daily maximum wind speed 
values and associated parameters are also presented in tabular form. Tables 
29 through 32 present by levels the gust factor as a function of the daily nlludmum 
horizontal wind speed, season, and annual. The gust factor is defined to be 
G F  = u h ,  where u is the daily maximum horizontal wind speed and i is the 
associated 10-minute mean wind specd. Approximately 90 percent of the daily 
maximum horizontal wind speed values occurred at the 
10-meter level in the 6.5 c 13.5 m s-' range with a mean <..~st 
factor of 1.84 
18-meter level in the 6.5 c 16.5 m s-' rarge with a mean gust 
factor of 1.78 
60-meter level in the 6.5 < 16.5 m s-' range with a mean guet 
factor of 1.54 
15~-meter  level in  the 7.5 c 18.5 m s-' range with a mean gust 
factor of 1.38. 
Table 33 presents percentage frequency distributions of associated maxi- 
mum updrafts (+) greater than, equal to, o r  less than the associated maximum 
downdrafts (-) by months and levels. Updrafts were greater than downdrafts at 
the 18-meter level 87 to 100 percent of the time and at the 150-meter level 63 
to 81 percent in September, December, and January. Cowndrafts were greater 
than updrafts at the 10- and 60-me ter  levels and . -2 remining nine months at 
the 150-meter level. Updrafts nnd downdrafts were equal generally less than 
10 percent of the time for all l tvels and months. A previous study ( 3  J revealed 
that the coincidence of the daily maximum vertical gusts with the mardmum 
vertical gusts associated with the daily maximum horizontal w.~d speed (aster- 
isk values in  tables) was 25 percent o r  less  throughout the yelu at aU levels. 
Percentage frequency distributions of assodated mean and instantaneous 
directions by compass segments and months for  eacf. level are presented in 
Tables 34 through 37. Approldmately 33 percent was the greatest frequency of 
occurrence for mean and instantaneous directions and occurred from the east  
3t the 150-meter level in September and August, respctiveiy. Seasonally and 
annually the mean and instar,taneour; directions occurred by levels from the 
same compass segment as follows: 
Percent 
Level (m) H'irter Summer Annual 
- -- 
Table 38 gives percentage frequency disrributions of time of occurrence 
of the daily mludmun~ horizontal wind speed in four G-hour period& by months 
and levels. AIaxima occurred approximntcly 5 percent of the time from 0100 to 
0700, 3d percent from 0700 to 1300, 50 pcrccnt from 1300 ti) 1900, uld 15 per- 
cent from 1900 to 0100 EST for d l  lcvcls. 
Actual number of occurrences of the daily mnxinlun~ horizontal wind 
speed within the same minute and ulthin one (plus o r  minus) minute at two, 
three, o r  four levels is shown in Table 39. Coincidence of recorded precipita- 
tion with the daily maximum horizorrtal wind speed is shown ia  Table 40 by 
months, seasons, and levels. 
The inevitable comparisons of the daily m,min~um horizontal wind speeds 
determined in this year of data arc with ,mother comparable year ( 1967) and 
with available dl-time extremes. At NASA's 150-AIetc Ground \\'inds Tower 
Facility, the recorded extrenw wind speeds occurred during six hurricanes 
wMch affected the area from 1966 to 1972. It should be noted that 1967 was a 
non-bur r i cane~ccur re~)e  y arb 
Maximum Horizontal Wind Speeds ( m  s") 
Non-Hurricanes Hurricanes 
Level (m) ( 1970's) 196 7) 
-- ( 1966-1972) 
10 21.5 No sensor 28. 1 
REMARKS 
The intent of these statistical sun~n~a.ries of the ddly mnximum horizontal 
wind speed and five associated parmlctels,  together with a previous report on 
daily maximum vertical gusts, is to provide information for the general descrip- 
tion of wind flow in the low-:t 150 meters of the atnlosphere in the KSC ' l lerritt  
Island, Florida, area, These reports provide detailed ulnd speed data which 
may be ucful  in wind slwar encounkrs rcl:~tivc to ascent and descent of the 
Space Shuttle ,and conver:tiond drcrnf: .'t EX' or  areas ulth sinlilar terrain 
and conditions. 
w 
SCALE 1 in - 40(10 f t 
Figure 1. NASA's 150-Meter Ground Winds Tower Facility and Launch 
Complex 39, Kennedy Space Center, Florida. 
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W HlGH RESOLUTION HORIZONTAL WIND SENSORS 
V HlGH RESOLUTION VERTICAL WIND SENSORS 
T TEMPERATURE SENSORS 
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POTENTIAL GRADIENT SENSOR 
CHART RECORDERS 
MAGNETIC TAPE 
Figure 2. Placement of sensors  on NASA's 150 .Meter Ground 
Winds Tower Facility at  Kennedy Space Center, Florida. 
TAB ILE 4, DAILY MAXIMUM HORIZONTAL WIND SPEED (m 8'') "- - ' - 
RECORDED AT 10-METER LEVEL 
I 
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Oct Nov Dec Jan Feb h l u  
Month 16.5 14.2 21.0 20.0 21.6 16.8 
Souon 21.5 
Summer 
Apt hlqv June July Aug Scpt 
10.3 3.6 10.9 134 11.0 d.4 
9.7 S.6 13.1 11.5 R.2 8.9 
8 11.0 9.2 5.7 P.3 7.3 
11.3 1i.5 5.3 0.9 9.6 6.1 
104 8 6.3 9.9 9.4 9.7 
11.5 7.6 8.9 2 J.7 10.4 
6.9 9.6 19.9 9.7 11.0 9.4 
11.1 P.3 11.7 14.4 11.0 9.9 
3.7 7.8 0 1.2 10.1 12.4 
S.7 1 10.3 13.7 9.7 8.2 
13.8 12.1 9.0 20.3 9.4 9.2 
8.7 7.6 1 7.9 7.5 
8.7 10.7 0 9.9 6.6 
8.2 8.4 6.7 8.6 8.0 
14.8 7.6 7.3 101 7.9 7.6 
11.8 144 8.9 7.7 7.6 
9.0 9.6 8.0 7.0 15.9 
13.9 7.6 10.0 7.5 10.6 
13.9 8.4 R.4 9.0 7.7 12.0 
12.2 9.2 7.7 10.3 7.6 10.7 
11.4 10.0 12.7 9.2 9.7 8.P 
11.0 8.2 6.9 8.6 12.8 
13.4 7.0 12.2 7.9 7.9 14.9 
10.6 9.0 7.7 7.9 7.6 10.0 
7.7 d.2 7.3 6.5 8.0 11.0 
6.9 7.3 7.5 7.3 10.0 10.4 
7.3 10.0 9.4 1.' 9.4 9.7 
0 9.9 10.0 9.9 10.7 9.0 
10.8 9.9 7.5 8.7 8.2 11.3 
10.4 12.4 9.2 9.4 10.4 1.7 
11.7 11.7 11.6 
Annual 21. 5 
ClUlCMAL PAGE IS 
OF PWR QUALITY 
TABLE 2.. ASSOCIATED 10-MINUTE MEAN HORIZONTAL WXND 
































M Y  
Mean 5.66 5.10 0.00 6.03 5.49 6.10 
a 1.25 1.40 2.02 2.09 1.73 1.21 
Wintor 
Oct Nov Dec Jan Fcb IUar 
Maximum ' 
Month 8.3 7.5 12.1 12.4 9.6 x.4 
Season 12.4 . 
I 
Summer 

























































TABLE 8, ASBOCIUTED MAXIMUM UPDRAFT (m a'') RECORDED 
AT 10-METER LEVEL 
Ddly ~prdmum I 
W W r  
Day Oct Nov I k c  Jan Feb Mar 
Summer 
Apr May June July Aug Sept 
ORIGTNAL PAGE IS 
OF POOR wmrn 
hlwdrnum 
Month 3.2 3.0 3.8 3.4 4.3 4.0 
S e w n  4.3 
3.9 3.3 3.1 4.6 3.4 2.8 
4.6 
TABLE 4. ASSQCUTED MAXIMUM DOWNDRAFT (m am') RECORDED 
AT 10-METER LEVEL 
Winter 
Oct Nov Dsc Jan Fob M u  
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TABLE 8. .DAILY MAXIMUM HORIZONTAL WIND SPEED (m a") 
Month 
S e w n  
Annual 
RECORDED AT 18-METER LEVEL 
Winter 
Oot Nov Kho Jm Fob M u  
Suxnmer 
Apr May Jum July Aug 8ept 
12.2 9.6 1 2 5  16.8 12.6 9.8 
11.3 9.3 1 1 2 4  8.7 8.8 
18.7 12.4 10.0 8.2 9.3 7.2 
12.9 12.7 8.3 9.7 12.1 8.4 
10.1 8.6 8.2 9.4 11.7 9.2 
12.2 8.2 9.3 14.2 1 1  8.7 
7.3 9.7 25.0 9.2 11.1 10.1 
11.3 8.7 12.6 16.9 11.8 10.6 
9.3 7.9 11.5 1 4 2  11.7 12.8 
9.7 14.9 11.1 18.3 10.4 9.3 
14.5 12.9 9.9 20.6 1 0  11.1 
9.9 7.2 19.7 8.7 7.9 
7.5 12.8 10.8 10.1 8.1 
9.2 B.6 10.3 8.3 8.4 
15.9 9.3 7.9 1 0 4  8.2 7.0 
13.5 16.0 1OeS 8.0 8.6 
9.4 8.3 9.3 7.3 16.1 
15.3 7.9 11.3 9.2 10.8 
15.8 8.2 8.9 10.4 8.7 12.8 
12.9 8.0 7.9 11.3 7.7 11.8 
12.4 10.6 13.4 Be3 11.3 8.3 
1 1 4  8.2 8.3 9.9 12.8 
13.4 7.6 12.7 8.6 9.2 17.3 
11.4 7.5 7.5 8.2 7.7 11.4 
8.3 8.2 8.2 6.3 9.2 10.8 
7.6 7.6 8.6 7.2 11.0 11.0 
7.9 10.9 9.3 1 2 4  10.1 10.3 
11.0 10.1 11.1 10.5 13.9 9.3 
10.3 10.8 8.2 9.3 8.3 11.7 
10.7 13.5 10.0 10.7 8.9 9.4 
12.8 13.7 17.0 
TABLE 9. ASSOCIATED 10-MINUTE MEAN HORIZONTAL WIND 
SPEED (m 6") RECORDED AT 18-METER LEVEL 
Day 
Oct - - - - -- - -- - 
NoV Dec Jan Feb M a r  
I 
Mean 5.90 5.65 6.47 6.88 6.14 7.09 
o 1.70 1.75 2.43 2.27 2.04 1 . w  




Apr Alay June July Aug Sept 
ORIGINAL PAGE IS 
oii' POOR Q u a  
TABLE 10. ASSOCIATED MAXIMUM UPDRAFT (m 6'') RECORDED 
AT 18-METER LEVEL 
Winter Summer 
Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept 
D d l y  blmdmum 
Mcvl 2.9H 3.W 2.61 2.79 3.H3 3.75 3 . 5  3.27 3.36 3.38 3.36 3.59 
0 0.65 0.87 O . ~ O  1.51 1.91 0.72 0 . 8 ~  0.77 0.82 1.13 0 .55 0.91 
hlludmum 
Vonth 4.9 4 .9  5.1 3 9.3 5.4 5 . 5  5.2 5.3 6.3 4 .7  6,O 
Season 9.3 G ,  3 






, -  
. 
i' 
GE W W N D R A F T  Is (m so') 
LEVEL 
Winter Summer 
Day Oct Nov Dec Jan Feb hlar Apr May i u m  July ~ u g  Sept 
Daily hlaximum 
Alrudmum 
hlonth 3.1 4.2 3.0 4.0 5.3 4.7 4.8 3.5 5.3 3.2 3.0 3.6 
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TABLE 35. DAILY MAXIMUM HORIZONTAL WIND SPEED (m 8") 
RECORDED AT 60-METER LEVEL 
I Winter I Summer 




Month 17.9 18.9 24.9 24.6 29.1 19.8 21.1 14.6 s . 6  25.6 18.9 17.0 
Season 28.1 26.6 
Annual 28.1 
TABLE 16. ASSOCIATED 10-MINUTE MEAN HOFUZONTAL WIND SPEED 
(m 8-I)  RECORDED AT 60-METER LEVEL 
Oct Nov k c  Jan Feb Mnr 
3.9 9.2 10.6 





6.3 8.2 7.9 
5.9 8.0 10.8 
5 . 1  11.1 6.3 
5.6 10.0 5.4 
7.6 6.9 5.1 
5.9 8.7 7.5 
6. W 14.4 7.7 
7.9 4.5 7.7 
6.3 9.6 9.7 
7.2 G.9 lU.0 
10.0 5.9 14.2 
5.8 ti,? 8.2 
7.3 4.1 7.5 
8.3 8.7 7.3 
6.2 10.4 11.1 
8.4 10.3 17.6 
8.4 G.9 S.7 
10.7 6 .9  8.9 
7.7 2.4 6.2 
7 .2  H.4 
9.4 8.4 
9 .9  4.8 5.1 
9.9 7.5 3.u 
10.4 7.3 9.2 
12.9 9.3 










6. 8 8.7 
9 .9  6.1 
4.5 ti, 1 
4.2  10.8 
5. A 8.4 




6 .  1 6.2 
6.2 5.5 
t i  11.7 








0 .3  6.6 
10.1 
TABLE 17. ASSOCIATED MAXIMUM UPDRAFT (m so') RECOPVET) 
AT 60-METER LEVEL 
Winter 
Oct Nov Dec Jan Feb Mar 
*Daily Maximum 
I 
Mean 0.96 1.12 1.58 1.17 1.42 1.70 
o 0.62 0.67 0.70 0.65 0.95 0.72 
hlaxlmum 




Apr May June July Aug Sep , 
ORIGINAL PAGE IS 
OF POOR QUALW 
TABLE 18. ASSOCIATED MAXIMUM DOWNDRAFT (m rl) 
RECORDED AT 60-METER LEVEL 
Winter 
Oct Nov Dec Jan Feb Mar 
* D d y  Maximum 
-- - - 
Mean 2.14 2.37 1.94 1.67 2.97 3.01 
IJ 0.69 1.10 0.99 1.03 1 0.93 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 22.. DAILY MAXIMUM HORIZONTAL WIND SPEED (m 8'') 








































Oct Nov Dec Jan Feb hlnr Apr May June July Aug Sept 
8.2 12.2 16.2 8.3 14.5 13.9 9.7 14.2 17.2 11.4 11.7 
19.0 11.9 9.0 6.3 7.9 17.2 11.8 9.7 17.0 13.5 10.3 11.4 
9.2 11.8 11.0 13.2 13.5 21.2 13.8 10.4 9.0 8.9 8.7 
7.7 9.7 12.2 12.9 8.4 13.5 13.8 10.6 10.6 13.4 9.3 
9.3 11.7 7.7 13.9 19.7 14.8 13.4 9.3 11.5 15.6 9.6 
809 9.2 1204 8.4 26.2 13.6 13.2 7.7 9.3 18.2 8.9 9.4 
10.0 1 3 1  12.9 10.0 13.4 11.1 7.7 9.9 25.3 12.1 13.8 9.7 
9.2 12.0 l o  15.8 10.0 15.8 12.0 12.1 13.8 16.1 13.1 10.6 
7.7 14.9 9.4 14.4 5.5 1Y.2 13.8 8.9 13.5 16.3 11.1 15.2 
9.3 15.1 9.3 13.2 10.1 13.5 12.2 12.2 13.8 14.4 10.8 10.4 
9.9 8.6 8.2 17.9 8.7 11.3 17.9 12.4 12.5 27.0 10.3 10.6 
9.0 12.7 10.7 25.9 13.4 14.9 10.1 10.1 21.8 1 1  8.6 
10.7 20.0 11.7 25.9 13.7 18.9 9.2 17.0 12.2 12.5 7.6 
10.6 7.5 12.1 13.7 14.2 20.8 10.0 8.7 10.3 9.4 9.0 
10.6 12.1 15.9 11.4 12.2 12.8 15.5 12.2 9.0 10.8 9.7 8.9 
11.8 10.1 25.6 1 5 8  15.5 12.9 14.1 21.5 11.0 8.6 8.7 
17.7 10.1 1908 13.4 14.8 10.6 9.2 13.1 9.7 7.7 16.7 
12.1 10.6 11.4 12.2 13.5 13.2 17.0 8.2 11.8 10.0 11.5 
8.6 6.9 10.7 15.1 14.5 15.6 16.9 9.2 9.7 5 8.9 14.6 
13.1 19.4 1 1  13.9 12.9 8.2 16.5 9.3 8.9 12.2 7.7 12.5 
9.3 17.7 18.4 15.2 12.1 18.6 12.9 11.7 14.6 12.7 10.3 9.9 
1 1  17.7 27.9 22.7 13.2 13.7 12.4 10.3 8.2 10.3 19.7 
12.9 9.2 19.2 12.0 21.1 12.4 14.8 8.7 13.8 10.3 9.2 17.9 
17.4 9.3 12.5 12.4 26.2 15.9 12.5 8.3 9.6 8.4 7.6 15.1 
12.7 7.7 14.2 12.5 10.1 18.2 9.6 8.2 9.7 6.5 9.3 12.4 
12.9 13.8 15.3 10.3 12.4 10.0 8.7 9.2 8.4 11.5 12.5 
13.4 12.8 18.2 10.0 1 1 5  H.4 11.1 10.8 15.2 9.9 11.0 
19.2 7.6 9.6 25.3 7.9 12.9 12.9 11.1 12.7 12.0 13.5 10.1 
12.8 10.1 (1.9 24.2 13.1 12.2 i ~ . 9  6.3 9.7 9.4 14.4 
13.9 12.4 13.5 16.3 18.9 14.1 ,5.5 10.6 11.0 9.3 10.7 
17.0 15.5 9.7 13.2 13.9 13.2 18.2 
- 
11.81 11.67 13.35 14.93 13-06 14.39 13.37 10.85 12.25 12.64 10.70 11.41 
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TABLIF: 29, ASSOCIATED 10-MINUTE MEAN HORIZONTAL WIND 
SPEED (m s'') RECORDED AT 150-METER LEVEL 
Winter 
Oct Nov Dsc Jan Feb Mar 
Month 14.5 17.3 19.8 22.1 17.2 16.3 
Sr ason 22.1 
Summer 
Apr May June July Aug Sept 
TABLE 24. ASSOCIATED MAXIMUM UPDRAFT (m sol) 
RECORDED AT 150-METER LEVEL 
1 -  - - - summer 
- - - - 
Oct NOV DOC Jan Feb M a t  Apt May June July Aug Sept 
I 
Mulmum 
Month 4.1 2.7 6.1 0.0 2.8 1.G 4.4 4.6 5.1 4.9 5.1 5.3 
Seamon 6.0 5.3 
Annual 6.0 
TABLE 25. ASSOCIATED MAXIhtUhI DOWNDRAFT j m 8'') 
RECO.WED AT 150-METER LEVEL 
D , ~  r Oct Nov D ~ C  JIUI Feb Mar 
Mudmum 
Month 3.9 3.1 2.7 2.7 2 .  2.1 
S e w n  3.9 
Summer 
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TABLE 34. PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED 
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS 
AND MONTHS FOR THE 10-METER LEVEL 






















NE 9.68 6.67 
ENE 6.45 13.33 
E 3.23 10.00 
ESE 9.68 G.67 
SE 3.23 10.00 
SSE 10.00 




W 3.23 16.67 
WNW 3.23 
NW 3.23 10.00 
NNW 12.90 13.33 




























6 -40  
Apr May June July Aug Srpt 
hI missing 
TABLE 35.. PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED 
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS 
AND MONTHS FOR THE 18-METER LEVEL 







































- -  
Apr May June ~ t i ~  Aug Sept 
'ABLE 36. PERCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED 
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS 
AND MONTHS FOR THE 60-METER LEVEL 





















NNE 6.45 3.33 
NE 3.23 10.00 
ENE 9.68 16.67 3.23 
E 12.90 
ESE 6.45 20.00 16.13 
SE 9. 6H 
SSE 3.23 3.33 9.68 
S 3.33 3.23 
SSW 
SW 3.33 3.23 
WSH' 3.23 
W 12.90 6.67 9.68 
WNW 6.45 3.33 3.23 
NW 12.90 16.67 12.90 
NNW 3-23 3.33 12.90 
N 12.90 10.00 3.23 
M 19.36 
Apr May June July Aug Sept 
M missing 
TABLE 37.. PXRCENTAGE FREQUENCY DISTRIBUTIONS OF ASSOCIATED 
MEAN AND INSTANTANEOUS DIRECTIONS BY COMPASS SEGMENTS 
AND MONTHS FOR THE 150-METER LEVEL 
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